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(54) Heterojunction bipolar transistor and method for fabricating the same 


(5/) A heterojunction bipolar transistor includes an 
emitter layer, a base layer and a collector layer lami 
nated on a top surface of a semiconductor substrate, 
and a heat sink layer made of a metal and provided on 
a rear surface of the substrate. A via hole is cut through 
the emitter layer, the base layer, the collector layer and 


the substrate. A surface electrode of the emitter layer 
and the heat sink layer are connected to each other by 
a metal wiring line running through within the via hole, 
which is capable of improving the heat radiation and 
reducing the emitter inductance. 


Fig. IB 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention rt^lates to heterojunc- 
tion bipolar transistors including those connected in par- 
allel and methods for fabricating the sanne. The 
invention also relates to a high frequency transmitter or 
receiver having a heterojunction bipolar transistor as an 
amplifier. 

[0002] As a high-power device for microwave band, 
there has been developed GaAs based heterojunction 

bipolar transistors (hereinafter, referred to as HBTs). 
Generally, HBTs, which are high in thermal resistance, 
have a problem that when used as a high power device, 
HBTs would involve high junction temperature. On this 
account, as shown in Fig 22, a structure for improving 
heat radiation property has been proposed in Japanese 
Patent Laid-Open Publication HE I 8-2/9562. Fig. 22 A 
shows a planar pattern of HBTs connected in parallel for 
high-power operation, and Fig. 22B shows a cross sec- 
tion taken along a line B B of Fig. 22A. In this structure, 
a plurality of HBTs 90 each having a collector electrode 
1 06, a base electrode 1 05 and an emitter electrode 1 04 
are included on the surface side of a GaAs substrate 
113, where via holes 1 10 are provided between adja 
cent hfBTs 90 so as to be cut through the substrate from 
Its top to rear surface side. Heat gonorate.'d at a junction 
12/ on the top surface side of each HBT 90 is con- 
ducted from the emitter electrode 1 04 of the transistor to 
a metal body 99 within its adjacent via holes 1 1 0 via an 
air bridge 111, and further conducted from the metal 
body 99 to a plated heat sink (hereinafter referred to as 
PHS) layer 1 12 provided on the substrate rear surface, 
thus being radiated. 

[0003] However, this conventional structure has a 
first drawback that for implementation of even higher 
power output, electric resistance of the air bridge 1 1 1 is 
not negligible, with heat radiation effect insufficient, so 
that the junction temperature inside the transistor can- 
not be reduced sufficiently. In this conventional struc 
ture, there is a second drawback that because of 
limitations in reducing the emitter inductance, there may 
arise variations in high frequency c ha rac 'eristics or the 
gpi-n in high frequef^i^ operstio" n^=^y deciinp 

SUMMARY Oh THt: INVENTION 

[0004] Acxordingly. an object of the present inven 

♦lor) IS to provide h hr^torojunctic-n bipolar transisT(>r 
;ini^luding those connected in para leli which is capat)le 
of -mproving tfie Meat radiatior^ and redut ng the emitter 
inaucTnncc 

[0005] Another object of the inventior> is to provKie a 
fabricating method capable of fnork^ating ujch a heto?'0 

junctiofi bipolar transi-^tor 

[0006] A further object cf the invention is to provide 
a '-Kjh tr(^q,av\-Y trHnsr-^itter v^r receive' r^wirHj s^i.-t. a 


heterojunction bipolar transistor as an amplifier 
[0007] In order to achieve the above-mentioned 
object, the present invention provides a heterojunction 
bipolar transistor comprising: an emitter layer, a base 
layer and a collector layer laminated on a top surface of 
a semiconductor substrate; and a heat sink layer made 
of a metal and provided on a rear surface of the sub- 
strate, wherein a via hole is cut through the emitter 
layer, the base layer, the collector layer and the sub- 

10 strate, and a surface electrode of the emitter layer and 
the heat sink layer are connected to each other by a 
metal wiring line running through within the via hole 
[0008] In the heterojunction bipolar transistor of this 
invention, heat generated during operation at junctions 

iry (mainly, an interface between the base layer and the 
collector layer) on the top surface side of the semicon- 
ductor substrate is dissipated through two paths. One of 
the paths is a path along which the heat conducts from 
the junction via the surface electrode of the emitter layer 

;'o to the metal wiring line on the substrate top surface 
side, and further conducts from the metal wiring line 
within the via hole to the heat sink layer on the substrate 
rear surface side. The other path is a path along which 
heat conducts from the junction via an interior of the 
substrate to the metal wiring line within the via hole, and 
further conducts from there to the heat sink layer on the 
substrate rear surface side. Since the heat generated at 
the junction is dissipated tfi rough two paths as 
described above, heat radiation property of the hetero- 

.Ki junction bipolar transistor is improved. Also, since the 
via hole extends through the emitter layer the base 
layer the collector layer and the substrate, the surface 
electrode of the emitter and the top surface of the via 
hole are very close to each other Therefore, the metal 
wiring line is led from the surface electrode of the emit- 
ter layer mto the via hole at a very short distance. As a 
result, emitter inductance is reduced and high-fre- 
quency characteristics are improved, as compared with 
the case where an air bridge is used. 

■io [0009] In an embodiment of the invention, the via 
hole has a cross section formed into a polygonal shape 
in wh.ich apex angles are obtuse angles, or a circular 
shape. 

[0010] When the cross sectional shape of the via 
.J', hnip h,a? Refute ^'^'r;!ev'^. thprp :j possibi'ity th;3t pip(^-trir 
field concentration Tiay occur at the acute-angle por- 
tions during operation, causing the device reliability to 
lower. Tlujs, in the heterojunction bipolar transistor of 
this emtiodiment, the via hole has a cross section 
fornt(?d into a polygonal shape in which ap(ix angles are 
obtuse angles, or :\ circular shape. As a result, electric 
field con-::entration around the via hole is supf)ressed. 
Therefore, the device reliability is improved 
[0011] In an enibodimf?nt cf the invention, an inte- 
'>.'' nor of the via hole is buned with a same material as that 
of the m(}tal wiring line 

[0012] In the heteroiijr^-lion b^pola^ transistor of th;s 
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with the same material as that of the metal wiring line, 
the heat radiation effect through the via hole is 
enhanced, so that the heat radiation property is further 
improved. As a result, stabler device characteristics as 
well as higher device reliability can be obtained. r, 
[0013] In an embodiment of the invention, a periph- 
eral edge portion of the emitter layer is formed so as to 
be thinner in thickness than residual portion of the emit- 
ter layer. 

[001 4] In the heteroj unction bipolar transistor of this w 
embodiment, the thickness of the peripheral edge por- 
tion of the emitter layer is thinner than the thickness of 
the residual portion of the emitter layer, that is, what we 
called an edge-thinning structure is formed. Therefore, 
re-combination of holes and electrons generated is 
between the peripheral edge portions of the emitter 
layer and the base layer during operation is prevented. 
As a result, the device reliability can be enhanced. 
[001 5] In an embodiment of the invention, a plurality 
of heterojunction bipolar transistors are arrayed on a 
common semiconductor substrate and electrically con- 
nected to one another so as to be enabled to operate in 
parallel. 

[0016] In this parallel-connected heterojunction 
bipolar transistors, since any of the heterojunction bipo- P5 
iar transistors are electrically connected to one another 
so as to be enabled to operate in parallel, a high-power 
output operation is enabled. Also, heat generated at the 
junction of each transistor is dissipated to the heat sink 
layer on the substrate rear surface. Therefore, heat con jo 
centration due to performance variations among the 
transistors is suppressed so that the reliability is 
improved. 

[0017] In an embodiment of the invention, a groove 

extending from the top surface of the substrate to the 
rear surface of the substrate is provided in the common 
semiconductor substrate so as to partition adjacent het- 
erojunction bipolar transistors from one another. 
[0018] Generally, in parallel-connected heterojunc- 
tion bipolar transistors, adjacent transistors would ther- 40 
mally affect one another during operation. When one 
transistor is ufiequaily heated with the result of nonuni- 
form heat generation, a transistor adjacent to the tran- 
sistor is affected with the result of heat generation, 
which in some extreme cases leads to breakage. Also. 45 
when no transistor is present in adjacency to one tran- 
sistor, there is a possibility that the thermal balance col- 
lapses, leading to a similar result. Therefore, in the 
parallel connected heterojunction bipolar transistors of 
this embodiment, a groove which extends from top sur 
face to rear surface of the substrate is provided in the 
common semiconductor substrate so as to partition 
adjacent hcterojuncticm bipolar transistors from each 
otfier As a result, adjacent heterojunction bipolar trarv 
sistors are thermally .shielded from each other during .v^ 
operation, thus never affecting eacf' other thormalty. 
Moreover, the transistors are unitormized in heat capac 
ity. t^ius operati''''g unitorn"!iy i he''eto''e. the device rcH'a 


bility can be improved. 

[0019] The present invention also provides a 

method for fabricating a heterojunction bipolar transis- 
tor, comprising the steps of: laminating a collector layer, 
a base layer and an emitter layer in this order on a top 
surface side of a semiconductor substrate; patterning 
the collector layer, the base layer and the emitter layer 
so that an area of an upper layer among the collector 
layer, the base layer and the emitter layer may become 
smaller; forming a surface electrode for ohmic contact 
on each surface portion of the collector layer, the base 
layer and the emitter layer; fonning a first via hole which 
extends through the emitter layer, the base layer and the 
collector layer and ends at a specified depth within the 
substrate; forming a metal wiring line which extends 
from the surface electrode of the emitter layer to within 
the first via hole so as to reach a bottom portion of the 
first via hole; polishing a rear surface side of the sub- 
strate up to the bottom portion of the first via hole; and 
providing a heat sink layer made of a metal on the pol- 
ished rear surface of the substrate so that the heat sink 
layer makes contact with the metal wiring line within the 
first via hole. 

[0020] According to the heterojunction bipolar tran- 
sistor fabricating method of this invention, the hetero- 
junction bipolar transistor capable of reducing the heat 
radiation property and reducing the emitter inductance 
is fabricated. 

[0021] In an embodiment of the invention, after 

forming the first via hole, an insulating film is so pro 
vided as to cover top surfaces and side surfaces of the 
emitter layer, the base layer and the collector layer, and 
the first via hole is furthermore extended toward the rear 
surface side of the substrate 

[0022] In the process of forming the first via hole, a 
long time etching process is performed in order for the 
first via hole to cut through the emitter layer the base 
layer and the collector layer and to reach up to a sped 
fied depth within the substrate. Therefore, there occurs"; 
a dimensional shift due to lateral expansion of the etch- 
ing, which causes the device processing accuracy to 
lower and ctiaractensttc variations to occur Also, ttiere 
appears a rough surface in the inner wall of the first via 
hole i.e. rough side surfaces of the emitter layer, the 
base layer and the collector layer Particularly with the 
use of dry etching, plasma damage would be led to the 
etching surfaces. Therefore, there is a possibil'rty of 
deterioration in device characteristics 
[0023] Thus, in the heterojunction bipolar transistc 
fabricating method of this embodiment, after forming the 
first via hole which extends through the emitter layer, the 
base layer and the collector layer, an insulating film is SC' 
provided as to cover top surfaces and side surfaces of 
the emitter layer, the tfase layer and the collector layer 
The first via nolc is furthermore extended toward the 
rear surfact? side of tfio substrate As a r{?sutt. dimen 
sional shifts of the first via hole due *o *he etchina are 
suppressed, sc^ that fiighe'' cievtce accii'Hcy and hig^-er 


3 


5 


EP 1 077 494 A2 


6 


characteristic unlformization can be obtained. Further, 
occurrence of surface roughnesses and damage on the 
side surfaces of the emitter layer, the base layer and the 
collector layer can be eliminated. Therefore, higher 
device reliability can be obtained. 
[0024] In an embodiment of the invention, a wet 
etching process or a low-power conditioned dry etching 
proc:ess is performed in the step of forming the first via 
hole, and a high-power conditioned dry etching is per- 
formed in the step of extending the first via hole toward w 
the rear surface side of the substrate. 
[0025] In the heterojunction bipolar transistor fabri 
eating method of this embodiment, a wet etching proc- 
ess or a low- power conditioned dry etching process is 
performed in the step of forming the first via hole, so that ir> 
occurrence of rough surface and damage at the side 
surfaces of the emitter layer, the base layer and the col- 
lector layer can be effectively prevented. Therefore, 
higher device reliability can be obtained. Also, a high- 
power conditioned dry etching is performed In the step ;'o 
of extending the first via hole toward the rear surface 
side of the substrate, so that a high-speed etching proc 
ess can be achieved and the lateral expansion due to 
etching is suppressed. Thus, the first via hole can be 
deeply formed in a relatively short time. ^5 
[0026] In an embodiment of the invention, an under 
c ut is formed by etching a lower outer-edge portion of 
the emitter layer in the process of patterning the e'mitter 
layer; a metal film is deposited on the top surface side of 
the substrate so as to form the surface electrode of the .k) 
base layer, with an inner edge of the surface electrode 
of the base layer formed in self alignment to the emitter 
layer by using the undercut; and the metal film and the 
base layer are continuously etched with the same mask 
so that an outer edge of the surface electrode of the :^.'> 
base layer and an outer edge of the base layer become 
coincident with each other. 

[0027] In the heterojunction bipolar transistor fabri 
eating method of this invention, since the first via hole 
extends through the emitter layer, the base layer and the 
collector layer, the individual layers and their surface 
electrodes surround the periphery of the first via hole in 
an elongate and annular form. Therefore, there is a pos 
sibiiity that the base wiring resistance especially 
increases, wh.ch caiises the high-f rpqupncy character -j-'^ 
istics of the device to deteriorate. Although the increase 
in base wiring resistance can bo suppressed merely by 
broadening the width of the base layer in order to broad- 
ening the area of the surface electrode of the base layer, 
tne base collector capacity irK:reases and consequently .w^ 
tMe high frequency charactens'tcs is lowered 
[0028] according to the heterojunction bipolar tran 
?sstor fabricating method of this embodiment, an under 
t ut IS formed by etching a lower outer edge portion of 
tne emitter layer in the process of patterning the emitter 
layer, and a metal film is deposited on the top surface 
side of the ?ijbstrate so as tc form the surface electrode 
c*. W^v. base tayc^r. with nr. ;nr^(?r cdgo. o* tfu^ s;;r'ace eUn^ 


trode of the base layer formed in setf alignment to the 
emitter layer by using the undercut. In addition to this, in 
this embodiment, the metal film and the base layer are 
continuously etched with the same mask so that an 
outer edge of the surface electrode of the base layer 
and an outer edge of the base layer become coincident 
with each other As a result, the width of the surface 
electrode of the base layer can be broadened fully to a 
range from the outer edge of the emitter layer to the 
outer edge of the base layer without broadening the 
width of the base layer Consequently, increases in the 
base wiring resistance can be suppressed while 
increases in the base-collector capacity are avoided, 
iherefore, high-frequency characteristics of the device 
can be improved. 

[0029] In an embodiment of the invention, the first 
via hole is formed after forming the surface electrodes 
of the collector layer and the base layer and before 
forming the surface electrode of the emitter layer; simul- 
taneously with time when the surface electrode of the 
emitter layer is formed, a wiring pattern of a same mate- 
rial as that of the surface electrode is formed, the wiring 
pattern extending from a surface portion of the emitter 
layer to within the first via hole so as to reach a bottom 
portion of the first via hole; and the metal wiring line is 
formed on the winng pattern by a plating process. 
[0030] In the heterojunction bipolar transistor fabri- 
cating method of this embodiment, when forming the 
surface electrode of the emitter layer, the wiring pattern 
for plating the metal wiring line is simultaneously 
formed. Therefore, the process of the metal wiring line 
can be reduced, as compared with the case where the 
surface electrode of the emitter layer and the metal wir- 
ing line are patterned independently of each other 
Accordingly fabricating cost can be reduced 
[0031] In an embodiment of the invention, after 
forming the metal wiring line, the rear surface side of the 
substrate is not polished or the rear surface side of the 
substrate is polished to a specified extent; a sec:ond via 
hole is so formed as to extend from the rear surfac:e side 
of the substrate up to the bottom portion of the first via 
hole; and the heat sink layer made of a metal is provided 
on the rear surface of the substrate so as to make con- 
tact with the metal wiring hne within the first via hole 
tnrough the second via hole 

[0032] According to the heterojunction bipolar tran- 
sistor fabricating method of this embodiment, the polish 
ing process for the rear surface of the substrate can be 
omitted or needs only to be done to a smal polishing 

cxtefU 

[0033] In an embodiment of the invention, simulta 
nC'iLisiy with time when the first via tiole is formed, an 
alignment hole doeoor than the first va hole is formed 
from the top surface side of the substrate towaaJ tfnj 
rear surface side of the substrate in a region other than 
regions (X^cujpieci by the emitter layer, the base layer 
an:1 the collector layer; the rear surface of the substrate 
:s pol:sfu>d up 10 a tx)ttom portior^ o* tfu^ ali;jn:T^(v;t f^o!(?. 
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and a photolrthography process for forming the second 
via hole is performed with reference to the alignment 

hole appearing on the rear surface side of the substrate. 
[0034] In the heterojunction bipolar transistor fabri- 
cating method of this embodiment, the second via hole 
to be formed from the rear surface side of the substrate 
can be aligned with the first via hole formed from the top 
surface side of the substrate with a normal aligner 
instead of any special device such as a double-sided 
aligner. Therefore, high accuracy alignment by normal io 
photolithography techniques can be achieved. 
[0035] In an embodiment of the invention, the sec- 
ond via hole is formed in a conical shape which broad- 
ens toward the heat sink layer on the substrate rear 
surface, and an interior of the second via hole is buried i'> 
with a same material as that of the heat sink layer. 
[0036] Since the second via hole is formed in a con- 
ical shape which broadens toward the heat sink layer on 
the substrate rear surface, and buried with a same 
material as that of the heat sink layer, the heat radiation 
path substantially increases up to the heat sink layer, so 
that the heat radiation property can be further improved. 
[0037] In an embodiment of the invention, 

the surface electrodes of the collector layer, the 
base layer and the emitter layer are each formed by a 
lift off process into a patterned surface electrode which 
surround a periphery of a region where the first via hole 
is to be formed and a portion of whic h is c ut out. 
[0038] In the heterojunction bipolar transistor fabn 
eating method of this embodiment, patterns of the sur :io 
face electrodes are generally annular wiTli part of each 
pattern cut out. Therefore, a solution of lift off resist eas 
ily penetrates from outside to inside of the generally 
annular patterns through the cutout portions. Thus, the 
lift-off process can be achieved more easily, as com 
pared with the case where the surface (Hectrode pat 
terns of the collector layer the base layer and the 
emitter layer are completely annular patterns. 
[0039] In an embodiment of the invention, in the 
proc ess of polishing the rear surface of the substrate up io 
to the bottom portion of the first via hole, the polishing 
process is ended, by observing electric n?sistance of a 
polishing liquid, at a time point when cut chips of the 
metal wiring line within the firet via liole mingle into th»:' 
polishing liquid, causing the electric "esistance of the i'- 
polishing liquid to show a change. 
[0040] According to the heterojunction bipolar tran 
sistor fabricating method of this embodiment, sinc:e the 
end point of polishing process is dott^rmincd by change 
in elec:trtc resistance of the po'ishmg Ik^ukI, ttu? end .w' 
point of polishing process is clarified. Therefore, the 
accurac:y of polishing extent on tne rear surface sicie of 
the ;>ubstrate is .mproved 

[0041] Ir^ an enibociinient of tne r^vention. h plurality 
of sets of the emitter layer the base Inycr and the colloc 
tor layer of the heterojunction bipolar transistor ar-? 
arrayed on a common semiconductor .substrate: an:1 
Ljeforr; tlie first via hole is forint^d m t:'Hi:ti ht^lt^ri.!jijfu:tiun 


bipolar transistor, a device isolation region having a 
specified thickness is formed between the collector lay- 
ers of adjacent heterojunction bipolar transistors by per- 
forming ion implantation. 

[0042] Lamination of the emitter layer the base 
layer and the collector layer of each heterojunction bipo- 
lar transistor is fonned into a mesa shape in this hetero- 
junction bipolar transistor fabricating method. 
Therefore, when the photolithography process is per- 
formed to form the first via hole, the film thickness of the 
photoresist mask would become nonunifonri due to the 
mesa step gap, with the result that the photoresist mask 
becomes thin in film thickness on the uppermost emitter 
layer As a result, there is a possibility that mask break 
may occur during the etching of the first via hole, caus- 
ing the emitter layer to be etched. In addition, since 
merely thickening the film thickness of the photoresist 
mask would cause the patterning precision to lower, the 
photoresist mask cannot be thickened so much. 
[0043] In the heterojunction bipolar transistor fabri- 
cating method of this embodiment, therefore, a device 
isolation region having a specified thickness is formed 
between the collector layers of adjacent heterojunction 
bipolar transistors by perfonriing ion implantation. When 
the photolithography process for forming the first Via 
hole, step gaps between the transistor portions and the 
field portions i.e. regions between transistors on the 
substrate are reduced by virtue of the thickness of the 
device isolation region so that the photoresist mask is 
uniformized in film thickness. Therefore, during the 
process of 6?tching the first via hole, the possibility of 
occurrence of mask break can be eliminated. Still, the 
successful coverage property of the transistor portions 
can be obtained during the formation of the metal wiring 
line, so that the device reliability can be enhanced. 
[0044] It is desirable to use a nti- activated ions such 
as oxygen ions, helium ions, hydrogen ions, as ions to 
be implanted for the formation of the device isolation 
region, in order that the device isolation region is formed 
into a high-resistance region. 

[0045] In an embodiment of the invention, a high 
frequency transmitter or receiver includes, as a high fre 
quency amplifier the heterojunction bipolar transistor 

ttie parallel connected heterojunction bipolar transistors 
or the heterojunction bipolar transistor made by the het 
eroju notion bipolar transistor fabricating method as 
aescribed above. 

[0046] In the high-frequency transmitter or receiver 
since the high frequency amplifier is superior in heat 
r.idiation property, high power output opcatior^ witfi a 
high gain is enabled in high-frequency amplification-^ 
Also, an enhanced reliability can be obtaineci. 

RF^irr nrscRiPTioN or thf drawings 

[0047] 

r ig. 1 a shows H pirifirif f)Httern an Ht^T hci t.Tding 
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to a first embodiment of the present invention, and 
Fig. 1 B shows a cross section taken along a line B 

- Bof Fig. 1A; 

Figs. 2A - 2E are process diagrams for fabricating 
the HBT of Fig. 1; 

Fig. 3 is a view for explaining heat dissipation paths 
in operation of an HBT according to a second 
embodiment of the invention; 

Fig. 4A shows a planar pattern of an HBT according 
to the second embodiment of the invention, and 
Fig. 4B shows a cross section taken along a line B 
B of Fig. 4A; 

Fig. 5A - 5F are process diagrams for fabricating 
the HBT of Fig. 4; 

Fig. 6A shows a planar pattern of HBTs connected 
in parallel according to a third embodiment of the 
invention, and Fig. 6B shows a cross section taken 

along a line B - B of Fig. 6A; 

Fig. 7A shows a planar pattern of HBTs each hav- 
ing a regular hexagonal pattern and connected in 
parallel according to the third embodiment of the 
invention, and Fig 7B shows a planar pattern of 
HBTs each having a circular pattern and connected 
in parallel; 

Fig. 8 is a sectional view showing an HBT accord- 
ing to a fifth embodiment of the invention; 
Figs. 9A - 9D are process diagrams for fabricating 
the HBT of Fig. 8; 

F ig. 1 0 is a sectional view showing an HBT accord- 
ing to a sixth embodiment of the invention; 
Fig 1 1 A shows a planar pattern in a case where an 
isolation groove is provided between adjacent 
HBTs connected in parallel, the isolation groove 
being buried with an interlayer insulator, and Fig. 
1 1 B shows a cross section taken along a line B - B 
of Fig. 11 A; 

Fig. 1 ?A shows a planar pattern in a case where an 
isolation groove is provided between adjacent 
HBTs connected m parallel, the isolation groove 
being hollow, and Fig. 12B shows a cross section 
taken along a line B - B of Fig. 1*?A; 
Figs. 13A 13C are process diagrams showing an 
example in which a second via hole is formed from 
the substrate rear surlace side by dry etching in the 
fabrication of the HRT shown m Fig 4; 
Figs. 14A - 14F are process diagrams showing 
details of the process diagrams of Figs. ISA 13C; 
Fig. 15 is a sectional view showing an HBT 
obtained by forming a second via hole from the sub 
strate "ear surface side by wet etching: 
F ig. 1 6 IS a sectional view showing an Ht^ I accord- 
ing to a ninth embodiment of the invention; 
Fig 1 7 rs a sectional view showing an hIBT accord 
ing to a tenth embodiment of the invention; 
Fig. 18 IS a sectional view showing an example in 
wtiict) a device isolation region is provided between 
adjacent \ \B I s: 

F ig 19 shows a planar pattern of an emitter ohr-iic 


electrode 4, a base ohmic electrode 5 and a collec- 
tor ohmic electrode 6 applicable to the above indi- 
vidual HBTs; 

Fig. ?0 shows a polishing apparatus applicable for 
r> polishing the rear surface side of a substrate in the 

above individual embodiments; 
Fig. 21 A is a circuit diagram of a high-frequency 
two-stage amplifier equipped with any of the above 
HBTs, and Fig. 21 B shows a portable telephone on 
w which the high-frequency two-stage amplifier is 
mounted; and 

Rg. r2A shows a planar pattern of conventional 
HBTs connected in parallel, and Fig. 22B shows a 
cross section taken along a line B - B of Fig. 22A. 

/5 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0048] Hereinbelow. the present invention is 

po described in detail by way of embodiments thereof illus- 
trated in the accompanying drawings. 

[First Embodiment] 

[0049] Fig. 1A shows a planar pattern of an HBT 
(heterojunction bipolar transistor) 50 according to a first 
embodiment of the present invention, and Fig. IB 
shows a cross section taken along a line B - B of Fig. 
1A. 

30 [0050] This HBT 50 has an emitter layer 1 made of 

n-GaAs or the like, a base layer 2 made of p*-GaAs or 
the like, and a collector layer 3 made of n GaAs or the 
like, whicti are laminated on a top surface side of a 
semi-insulating GaAs substrate 13, as well as a plated 
.i^i heat sink layer (hereinafter, referred to as "PHS layer") 
12 made of metal and provided on a rear surface of the 
substrate t3. 

[0051] The collector layer 3, the base layer 2 and 
the emitter layer 1 are laminated in this order, as viewed 

40 from below, and fabricated into a mesa state in a con- 
centric rectangular pattern so that the area of the layers 
1 , 2 and 3 may become smaller with increasing altitude 
of the layers 1 , 2 and 3. At the surfaces of the layers 1 , 
2 and 3, st?veral hundred nm thick surface electrodes 4. 

4^ h and 6 tor ohmic contact (hereinafter, referred to as 
'ohmic electrode') are formed, respectively. WN film or 
WN/Ti/Au multilayer film «s adopted for the emitter ohmic 
electrode 4. R film or Pt/Ti/Pt/Au multilayer metal film is 
adopted for the base ohmic electrode 5. and AuGe fnm 

.s? or AuGe/Ni/Au multilayer film is adopted for the collector 
<)hmic electrode 6. Although not shown in Fig 1 A. these 
ohmic ele<:trodes 4, 5, 6 are each patterned into a rec- 
tangular frame shape. 

[0052] A via hote 1 0 is provided through central por- 
'v'' tions of thn emitter layer 1 . the base layer 2 and the col 
lector layor 3. Ttu? via tiok^ 10 has a rootanqular stiapo 
in cross section concentnc with the layers 1. 2. 3 Ihe 
v:a ti:)!e 10 extends, with constant cross-sectional 


6 


EP 1 077 494 A2 


12 


dimensions, from the top surface of the emitter layer 1 to 
the rear surface of the substrate 13. A side wall 10s of 

the via hole 10 is covered with an interlayer insulator 9 
in order to protect side walls of the layers 1 , 2, 3. 
[0053] The emitter ohmic electrode 4 and the PHS 
layer 1 2 are connected to each other with a metal wiring 
line 1 1 passing through in the via hole 1 0. Because the 
emitter ohmic electrode 4 and an opening of the via hole 
1 0 are very close to each other, the metal wiring line 1 1 
is led from the emitter ohmic electrode 4 into the via 
hole 10 at a very short distance. 
[0054] In this HBT 50, heat is generated during 
operation at junctions (mainly, an interface between the 
base layer 2 and the collector layer 3) on the top surface 
side of the semiconductor substrate 13. The heat is dis 
sipated through two paths. One of the paths is a path 
along which the heat conducts from the above-men 
tioned junction to the metal wiring line 1 1 on the sub 
strate top surface side by way of the emitter ohmic 
electrode 4, and further conducts from the metal wiring 
line 1 1 within the via hole 10 to the PhlS layer 12 on the 
substrate rear surface side. The other path is a path 
along which the heat conducts from the junction, by way 
of the interior of the substrate 13 and the interlayer insu 
lator 9 on the via hole side wall 10s, to the metal wiring 
line 1 1 within the via hole 1 0, and further conducts from 
there to the PHS layer 12 on the substrate rear surface 
side. Since the heat generated at the junction is dissi 
pated through two paths as described above, heat radi- 
ation property of the HBT 50 is improved. Also, since 
the metal wiring line 1 1 is letj from the emitter ohmic 
electrode 4 into the via hole 10 at a vcr/ short distance, 
emitter inductance is reduced and high-frequency char- 
ac:teri sticks are improved, as compared with the case 
where a conventional air bridge is used. 
[0055] This HBT 50 is fabricated as follows. 
[0056] F irst. as shown in Hg. ?A, a collector layer 3. 
a base layer 2 and an emitter layer 1 of specified com 
positions and thicknesses are laminated on top of a 
sem.i-insulating GaAs substrate 13 by epitaxial growth 
process (afternativety. a commercially availcible wafer 
on which these layers 3, :\ 1 have already been lam. 
nated may be used). Next, the emitter layer 1 . the base 
lHY£?r ? and the ivollector layer 3 are patterned by wot 
etching using an citric acia based or otner etching soiu 
tion or by RIE (Reacrtive Ion ftcning) or other dry etc:h 
ing js^ng a chlonne based gas or the l-ke. respectively 
in such a mannt^r that the area of layers 1, 2 and 3 
becomes smaller with increasing altitude ot the layers 1 . 
2 Hfid 3. in this example, th(} lengtfi of each side of the 
emitter layer 1 is set to about 50 ^im. In addition to this, 
as shown in f ig 2B. ohmic fjlectrodes 4. 5, 6 having 
rectangular frame patterns arc formed at the surfaces of 
ttu^ layers 1 , 2, 3 by I if* -off tec^finology. res^iectively 
[0057] Next, as shown in Mg 2C. after a "osist 
rTiask / IS formed by pt-rfor'ning a ptiotolithograptiy 
process, a via hoe 1 0 is to-med t^y performing an f or 
i.-tlitT dry titUiifig prt.»c:t\s-, Uu; viri fn..Mt^ 10 tfXtt^nd^ 


through center portions of the emitter layer 1, the base 
layer 2 and the collector layer 3 and ends at a specified 
depth, for example, a depth of 100 ^im. In this example, 
the width of each side of the emitter layer i is set to 
r, about 4 ^im. As a result, the emitter layer 1 is formed 
into a rectangular shape having each side length of 
about 50 |.im and a width of about 4 yim. HBT has each 
side length of about 200 iim. 

[0058] Next, as shown in Fig. 2D, an interlayer insu- 

10 lator 9 made of, for example, SiN, SiO;^, SiON, polyimide 
resin or the like is deposited on top of the substrate 13 
uniformly in a thickness of several hundred nm by 
plasma CVD or other process so as to cover even an 
inner wall 1 0s of the via hole 1 0. Subsequently portions 

f^> of the interlayer insulator 9 present on the top surface of 
the emitter ohmic electrode 4 and on the bottom surface 
of the via hole 10 are removed by preforming photoli- 
thography and etching processes so that the top surface 
of the emitter ohmic electrode 4 and the bottom surface 

;v of the via hole 10 are exposed 

[0059] Next, the material of a metal wiring line 1 t, 
for example, gold is uniformly deposited in about 10 jim 
thickness on top of the substrate 13 by vapor deposi- 
tion, sputtering, plating or other process so as to cover 

yf> even the interlayer insulator 9 within the via hole 10. 
Then, a metal wiring Ime 1 1 is formed by patterning this 
gold so as to extend from the emitter ohmic electrode 4 
to within the via hole 1 0 and to reac h the bottom surface 
of the via hole 10. 

:}o [0060] Next, as shown in Fig. 2E, the rear surface 
side of the substrate 13 is polisheci up to the bottom of 
the via hole 10 by CMP (Chemical Mechanical Polish 
ing) process or the like. Then, an about 10 |im thick 
PHS layer 12 made of, for example, gold is provided on 
the polished rear surface of the substrate 13 by vapor 
deposition, sputtering, plating or c>tner process so as for 
the PKIS layer 1 2 to keep in contact with the metal wiring 
line 1 1 within the via fiole 1 0. 

[0061] After this, as shown in I ig. lA, a 11/ Au lami- 
40 nation film having a thickness of, for example, about 10 
|im is deposited on top of the substrate 1 3 by Vcipor dep- 
osition, sputterif^g or other process. By patterning the 
lamination film, a base lead line 14 in contact with the 
base ohmic electrode 5 is forriod and a collt?ctor lead 
a- 'inc ^.b in contact with the collector chmic o!e~trodc 6 is 
formed. 

[0062] In this way, the heat radiation property of 
HBT 50 is improved and the eniitter inductan.:e thereof 
■s reduced. 

'Second \ mbodiment) 

[0063] Fig 4A shows a planar pattern of nn HBT 51 

a(x:ordtnc] to a secoruJ emb-)(jiment of tti>? present 
invention \- ig 4B shC'WS a cross section taken along a 
line B of F ig. 4A. For an easier uruierstan iing, coni 
ponent eiements corresponding to the component ele- 
'ne';:.s r ;gs 1A afi.i IB arti dt^s gruileii by tFu^ safT^e 
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reference numerals (the same in the case of other fig- 
ures). 

[0064] A via hole 10 of this HBT 51 is formed into 
two stages which consist of a first via hole 10a and a 
second via hole 10b. The first via hole 10a has constant 
cross sectional dimensions and extends through an 
emitter layer 1 , a base layer 2 and a collector layer 3. A 
second via hole 10b has constant cross-sectional 
dimensions smaller than those of the first via hole 10a. 
The first via hole 10a is cut through the emitter layer 1, 
the base layer 2 and the collector layer 3, ending at a 
depth near the collector layer 3. The second via hole 
1 0b reaches from the bottom of the first via hole 1 0a to 
the rear surface of a substrate 13. The interlayer insula 
tor 9 is provided only on a side wall of the first via hole 
1 0a, and a side wall of the second via hole 1 0b is in con- 
tac t with the metal wiring line 1 1 . The rest of c:onstitution 
IS the same as in the HBT 50 of the first embodiment. 
[0065] In this HBT 51. heat radiation property can 
be further improved, as compared wrth that of the HBT 
50 of the first embodiment. As schematically shown in 
Fig. 3, heat is generated during operation at junctions 
(mainly, an interface between the base layer ? and the 
collector layer 3) 27 on the top surface side of the sem- 
iconductor substrate 13. The heat is dissipated through 
two paths PI, P2. The heat dissipation of through the 
paths F'1, P2 is the same as that in the first embodi- 
m»L-nt. The one path PI i.s a pr3th along which the heat 
"Conducts from the junction 27 to the metal wiring line 1 1 
un the top surface side of the substrate by way of the 
emitter ohmic electrode 4. and further contjucts from 
the metal wiring line 1 1 within the via hole 1 0 to the PHS 
layer 12 on the rear surface of the substrate. The other 
path P2 is a path along which the heat t;onduc"ts from 
the junction 27 through the interior of the substrate 1 3 to 
the metal wiring line 11 within the via hole 10, and the 
heat further conducts from there to the PHS layer 12 on 
the rear surface of the substrate. The path P2 of this 
embodiment, unlike the first embodiment, allows the 
heat to conduct from the substrate 13 directly to the 
metal wiring line 1 1 without the interlayer insulator 9. 
T herefore, heat radiation property of the HBT 51 in this 
embodiment is further improved, as compared with that 
■:<f the HBT SO in the first embodiment 
[0066] IH's i-iyT 51 .c ^bncated ^cHow? 
[0067] First, as shown in fig, 5A, like the first 
«:-mbodirTient. a collector layer 3. a base layer 2 and an 
emitter layer 1 are laminated in this order on top of a 
'•emi inr:.ulating GaAs substrate 13 I he layers 1. 2 and 
-v rire patterned so that rjn area of tlio layers 1, ? ancj \\ 
may be.:ome smaller with increasing altitude of the lay- 
'•rs 1, 2 and 3 In this exanipln, the lem^th of iVcwX^ sKJe 
.'f *he emitter layer 1 is set to aoout 50 |im In addition to 
this, as shown in F ig. 5F^, ohmic: electr.xie^s 4, 5, 6 hav 
ing rectangular frame patterns are fomned at the sur 
f,u:es of the layers 1 2. 3 t)v lift off tet:linology 
respectively 

[0068] Nt^xt. as ^huwii m \ .g Si.":, nftt^r a fesist 


mask 7 is formed by performing a photolithography 
process, a first via hole 10a having a rectangular shape 
in cross section is formed by perfonning dry etching 
process such as an RIE using chlorine-based gas orthe 

5 like. The first via hole 10a extends through center por- 
tions of the emitter layer 1 , the base layer 2 and the col- 
lector layer 3, and ends at a specified depth, which is 
several \\rr\ deeper than the depth of the collector layer 
3. In this example, the length of each side of the first via 

,0 hole 10a is set to about 40 |im. As a result, the emitter 
layer 1 is formed into a rectangular shape having a side 
length of about 50 |.im and a width of about 4 inm. In this 
first step at which the first via hole 10a is fonned, dry 
etching process is perfonmed under the condition of 

J5 very low RF power, for example, about 1 0 W. As a result 
of this, the emitter layer 1 , the base layer 2 and the col 
lector layer 3 can be effec:tively prevented from occur 
rence of surface roughnesses and damage on their side 
surfaces Therefore, the device reliability can be 

■PQ enhanced. 

[0069] Next, as shown in Fig. 5D, an interlayer insu- 
lator 9 made of, for example, SiN, SiO-^, SiON, polytmide 
resin orthe like is deposited on top of the substrate 13 
unifomnly in a thickness of several hundred nm by 
plasma CVI3 or other process so as to cover even an 
inner wall of the first via hole 1 0a. Subsequently, a sec- 
ond via hole 10b ending at a specified depth, for exam- 
ple, a depth of about 100 ^im within the substrate 13 is 
formed at a site several |.im inward of the bottom of the 

x-) first via hole 10a by performing an RIE or other dry etch- 
ing process In this example, the second via hole 10b is 
fonned with the length of each side set to about 30 |.im, 
Loncentrlcaily with the first via hole 1 0a. As a result, the 
first via hole 10a is extended toward the rear surface of 
the substrate 13. In this second stage at which the sec- 
ond via hole 10b is formed, dry etching process is per 
fonned under a high power condition of, for example, 
1 00 W RF power. As a result of this, high-speed etching 
can be executed while lateral expansion of etching is 

■iQ suppressed, so that a deep via hole 1 0 can be formed in 
relatively short time. Therefore, the device dimensional 
accuracy can be improved, and moreover the number of 
fabricating stef)s can be reduced. 
[0070] Next, as shown in Fig. 5F. portions of the 

emitter ohnnc electrode 4 and the bottom surface of the 
via hole 1 0 are removed by prefonning photolithography 
and etching processes so that the top surface of the 
emitter ohmic electrode 4 and the bottom surface of the 
via hole 10 ar(* exposeci. 

[0071] After this, in The same way as the f rst 
Hnibodinent. metal wiriinj line 1 1 is formed to (»<ten(J 
t'-om the emitter ohmic electrode 4 to within the via hole 
10 and reach the bottorn surface of the via hole 10. Fur 
ther, as shown in hig. 5F, the rear surface side of the 
substrate 13 is polistu?d up to tht? bottom of the via hole 
10. and an about 10 um thick F'l T:^ layer 12 made of, tor 
exrtnip!r^ yLJui is pfL-VKit-fd ka^ tfuf p'..)n>htni rt-ar surirH...tf 
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of the substrate 1 3. 

[0072] In this way, an HBT 51 capable of improving 
heat radiation property and reducing the emitter induct- 
ance is fabricated. 

[Third Embodiment) 

[0073] Fig. 6A shows a planar pattern of HBTs con- 
nected in parallel, and Fig. 6B shows a cross section 
taken along a line B - B of Fig. 6A. 
[0074] In this example, the HBTs 51 of the second 
embodiment are arrayed on a common semiconductor 
substrate 1 3. A metal wiring lines 1 1 . a base wiring line 

14 and a collector wiring line 15 are electrically con- 
nected to each other so as for adjacent HBTs 51 to ena- 
ble parallel operations. Therefore, high-power operation 

15 enabled. Also, heat generated at junctions of the 
HBTs 51 is released to a PHS layer 1 2 on the substrate 
rear surface every HBT Accordingly, heat c oncentration 
due to performance variations among the HBTs is sup- 
pressed so that the reliability is improved. 

[0075] It is noted that, in this example, the metal wir- 
ing line 1 1 , the base wiring line 1 4 and the collector wir- 
ing line 15 are formed of about 1 |im thick Au orTi/Au or 
other lamination film so as to be suited for patterning. 

[Fourth Embodiment] 

[0076] Fig. 7A shows HBTs 52 each having a regu 
lar hexagonal pattern and connected in parallel, and 
Fig 7B shows l-4BTs 53 each having a circular pattern 
and connected in parallel. 

[0077] In the HBT 52 of Fig. 7A, an emitter layer 1 
a base layer 2', a collector layer 3' and a via hole 10' 
extending through those layers 1 '. 2', 3' each have a reg- 
ular hexagonal pattern. The rest of constitution is the 
same as in the HBT 50 of the first embodiment. In this 
HBT 52, since the via hole 10' has a cross -sectional 
configuration set to a regular hexagon in which apex 
angles are obtuse angles, electric field concentration at 
peripheries of the via hole 10' is suppressed. Therefore, 
the device reliability is improved. As a matter of course, 
if the cross-sectional configuration is a polygon in which 
apex angles are obtuse angles, similar functional effects 
car. be produced. 

[0078] Also, in the HBT 53 of Fig. /B, an emitter 
'ayer 1". a base layer a collector layer 3" and a via 
hole 10" extending through those layers 1". 2", 3" each 
have a circular pattern. The rest of constitution is the 
same as in the HRT h(i of the first embodiment. In this 
HIM 53, since the via hole 10" has a cross-sectional 
configuration set to a circular shape, electric field con- 
centration at peripheries of the via hole 10" ts sup 
pressed. Therefore, the device reliability is improved. 

[F ifth FmbodirTierr] 

[0079] i iij 8 shows a t:ross sectiofi of an HBi 54 


according to a fifth embodiment of the present inven- 
tion. This HBT 54 differs from the HBT 51 of the second 
embodiment only in that an undercut 16 is formed at a 
lower outer-edge portion of an emitter layer 1 and that a 

5 base ohmic electrode 5 is formed in self alignment. 
[0080] This HBT 54 is fabricated as follows. 
[0081] When the emitter layer 1 is patterned 
according to the fabricating process of the second 
embodiment, the emitter layer 1 is side-etched at its 

10 lower outer-edge portion to about 0.2 |im, by which an 
undercut (step gap) 1 6 is formed as shown in Fig. 9A. 
[0082] Next, as shown in Fig. 9B, metal films 5, 5' 
such as R films or Pt/Ti/Pt/Au lamination films with a 
thickness of about several hundred nm are deposited on 

ir> top of the substrate 1 3 in order to make the base ohmic 
electrodes. As a result, inner edges of the base ohmic 
electrode 5 are formed in self alignment to the emitter 
layer 1 by using the step gap at the outer edge of the 
emitter layer 1 . In this case, the metal film 5' forms part 

po of the emitter ohmic electrode 4. The metal films 5' is 
omitted in the illustration of Fig. 8. 
[0083] Next, as shown in Fig. 9C, by performing a 
photolithography process, photoresist (mesa-etching 
mask) 7 for patterning of the base layer 2 is provided so 

P5 as to cover the emitter ohmic electrode 4 and the metal 
film 5. Then, the metal film 5 and the base layer 2 are 
patterned by continuously performing dry etching proc- 
esses such as RIE with the use of the same mask / so 
that the outer edge of the base ohmic electrode 5 and 

30 the outer edge of the base layer 2 become coincident 
with each other. As etching conditions for these proc- 
esses, for example, sputtering etching conditions for Ar 
are adopted because the metal film 5 contains a F^ layer 
at the stage of etching the metal film 5. Next, at the 

35 Stage of etching the base layer 2, conditions by making 
use of chemical reaction with chlorine-based gas are 
adopted. 

[0084] After this, the same processes as those in 
the second embodiment are executed to obtain an HBV 

40 as shown in Fig. 9D i.e. Fig. 8. 

[0085] According to this HBT fabricating method, 
the width of the base ohmic electrode 5 can be broad 
ened fully to a range from the outer edge of the emitter 
layer 1 to the outer edge of the base layer 2 without 

f." broadening the width of the bare iayer 2. As a resu^. 
increases in the base wiring r(^sistance can be sup- 
pressed while increases in the oase collector capacity 
are avoided. Therefore, high-frequency characteristics 
of the device can be improved 

[Sixth [ mbodiment] 

[0086] F ig. 10 shows a cross section of an HBI 5b 
atx^ording to a sixth embodiment of the present inven- 
.v^ tion This HBT 55 differs from the HBT 54 of the fifth 
embodiment only in that a n^?ta wiring line 1 1 ts formed 

by plating process on a Wiring pattern 4' made of mate- 
ffai of the emitter uhrmc eiei.Urmie ■* Uie t-tnu'tef ufinin... 
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electrode 4 and the wiring pattern 4' are formed of. for 
example, several hundred run thick WN film or 
WN/Ti/Au multilayer film. 

[0087] For fabrication of this HBT 55, after the col- 
lector ohmic electrode 6 and the base ohmic electrode 
5 are formed and before the emitter ohmic electrode 4 is 
formed, a first via hole 1 0a is formed. Next, a wiring pat- 
tern 4' is formed by vapor deposition or other process, 
simultaneously with formation of the emitter ohmic elec- 
trode 4. The wiring pattern 4' is made of the material of 
the emitter ohmic electrode 4, and extends from the top 
surface of the emitter layer 1 to within the first via hole 
10a. reaching the bottom surface of the first via hole 
10a. Then, with the wiring pattern 4' used as a power 
feeding metal, a metal wiring line 1 1 is formed on the 
wiring pattern 4' by plating process. The rest of proc 
esses are executed in the same manner as in the fifth 
embodiment. 

[0088] In this fabncating method, since the wiring 
pattern 4' for plating the metal wiring line 1 1 is tormed 
simultaneously when the emitter ohmic electrode 4 is 
formed, the processes can be reduced, as compared 
with the case where the emitter ohmic electrode 4 and 
the metal wiring line 1 1 are patterned independently of 
each other Therefore, the fabricating cost can be 
reduc:ed. 

[Seventh Embodiment) 

[0089] Fig. 11A shows a planar pattern in a case 
where an isolation groove 1 / is provided between H[Hs 
51 connected in parallel, and Fig. 11B shows a cross 
section taken along a line B - B of Fig. 1 1 A. 
[0090] In this example, like the third embodiment, a 
metal wiring lines 1 1 . a base wiring line 14 and a collec- 
tor wiring line 15 ar(; electrically connected to each 
other so as for adjacent MB Is 51 to enable parjillel 
operations. Therefore, high-power operation is enabled. 
Also, heat generated at junctions of the hlBTs 51 is 
released to the PHS layer 12 on the substrate rear sur- 
face every HBT. Accordingly, heat concentration due to 
performance variations among tfie HBTs is suppressed 
so that the reliability is improved 

[0091] The isolation groove 1/ that extends from 

top S'j'^RCe *o rear sii'i^ace sijbstrate to pirtlt'O'^ 

adjacent HI^Ts 51 from each oth^^-r is provided in a corn 
mon semiconductor substrate 13 and the interior of the 
isolat on groove 1 / is buried with the interlayer insulator 
9 T he isolation groove 1 7 is forrried simultaneously wit^ 
tho via \^o\i• 10. By this structure adjacent HRTs 51 aro 
thermally shielded from each other during operation, 
thus never affecting each other nnd moreover the MB I > 
51 are unito'mized in heat caparity. thLS operating un 
formly Therefore, the device reliability can be improvetJ 
[0092] Similarly, hig. 1?A shows a planar pattern in 
a t;as(; wtiere art isolation (j'oove 1 7 is provi(Jt.'-i 
between M[Us connected m t>aral!el, and I k} 
sh.Qws a . ri.ss section taktin fiL-ng a li.'^e i.-' f itj 


12A. 

[0093] In this example, the isolation groove 17 is 
hollow with nothing buried therein. Like the foregoing 
example, adjacent HBTs 51 are thennally shielded from 

.0 each other duhng operation, thus never affecting each 
other, and moreover the HBTs 51 are unifomiized in 
heat capacity, thus operating uniformly. Therefore, the 
device reliability can be improved. 
[0094] It is also possible to bury a metal smaller in 

10 heat conductivity than the substrate 13 in the isolation 
groove 1 /. In such a case, heat generated at each HBT 
51 conducts along the metal, being released to the PHS 
layer 12 on the substrate rear surface. Therefore, heat 
radiation property can be further improved and the 

/5 device can be prevented from damage due to heat gen- 
eration. As shown above, by providing the isolation 
groove 1 7, the device reliability can be enhanced. 

[Eighth Lmbodiment] 

[0095] Pigs. 1 3A to 13C show an example in which 
a second via hole 10b having constant cross-sectional 
dimensions is formed from the rear surface side of a 
substrate 13, differently from the fabrication of the HBT 

;as 51 shown in Fig. 4. 

[0096] In this example, as shown in Fig. 13A, like 
the second embodiment, a first via hole 10a is formed, 
further an interlay(?r insulator 9 is formed, and thereafter 
a metal winng line 1 1 is formed. Next, the rear surface 

Ji) side of the substrate 13 is polished to a specified extent 
by C MP or the like so that the substrate 13 is thinned to 
a thickness of, for example, 100 ^un Subsequently, as 
shown in Fig. 13B. the second via hole lOt) ranging from 
the rear surface side of the substrate 13 up to the bot 

jr> tom of the first via hole 10a is tonned by performing 
photolithography and RIF or other dry etching process. 
Then, as shown in Fig. 13C, by vapor deposition, sput- 
tering, plating or other process, an about 10 |.im thick 
PHS layer 1? made of, for example, gold is provided on 

■10 the polished rear surface of the substrate so as to keep 
in contact with the metal wiring line 1 1 wrthin the first via 
hole 10a through the second via hole 10b. 
[0097] More specif ically. first, as shown in Fig. 14A, 
simultaneously when a finst via hole 10a extending 

«c, *'^''0'4 jh the em'tter pyc ^ the bnr.c 'ayor 2 2nd the cc ! 
lector layer 3 and ending at a specified depth within the 
substrate 13 is formed, an alignment hole 29 deeper 
than the first via hole 10a is formt;d from the substrate 
too surface side in a region on the substrate 13 other 

.^><^ than regions (xrcupied by the laytirs 1 , 2, 3 In this exam 
pie. the depth of the alignment hole 29 is set to about 
100 Jim Ne<(t. iis shown in \ y. 1 'VI a hokjing si.tjstrate 
30 made of. tor example. Si is bonded to the top surface 
side of the substrate 13 with resin 31 In this process, 

.v> the alignment hokj 29 is buried with the resin 31. Next. 
t)y C MF^ or (-ttujr process, ttie sijt)strHt(? 1 3 is polishtjd at 
its rear surface Side up to the bottom of the alignment 
hLfitf .-'9. 1 . uMtt! V\ti fesi!i 3t rit Ihtf t)ol*uni uf tht^ rilign 
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ment hole 29 appears on the rear surface side of the 
substrate 13. As shown in Fig. 14C, by performing a 

photolithography process by referencing the alignment 
hole 29 (resin 31) that has appeared on the rear surface 
side of the substrate 1 3, a resist mask 32 for forming the 
second via hole 1 0b is provided on the rear surface side 
of the substrate 13. Next, as shown in Fig. 14D, by per 
forming an RIE or other dry etching process with this 
mask 32, a second via hole 10b ranging from the rear 
surface side of the substrate 13 up to the bottom of the jo 
first via hole 10a is formed. In this case, the etching 
process is ended at a point at which the metal wiring 
line 1 1 at the bottom of the first via hole 10a appears. 
Next, as shown in Fig 14E, by vapor deposition, sput 
tering, plating or other process, an about 10 jim thic:k 
PhiS layer 12 made of gold is provided on the polished 
rear surface of the substrate so as to keep in contact 
with the metal wiring tine 11 within the via hole 10 
through the second via hole 10b. Finally, as shown m 
Fig 14F, the resin 31 is dissolved by a solvent, by which ;v 
the holding substrate 30 is removed from the top sur- 
face side of the substrate 13. 

[0098] In such a case, a second via hole 10b to be 
formed from the rear surface side of the substrate can 

be easily aligned by a normal aligner with the first via 
hole 1 0a that has been formed from the top surface side 
of the substrate. Iherefore. high-accuracy positional 
alignment can be achieved by normal photolithography 
techniques Still, the polishing on the rear surface side 
of the substrate only needs to be done to a small extent .a? 
C'f pioiishing. In addition, without polishing the rear sur- 
face stdc of the substrate 13, the second via hole 10b 
may also be formed with the polishing process omitted. 
[0099] Fig. 15 shows an example in which the sec 
ond via hole 10b is formed in a conical shape from the 
substrate rear surface side by wet etching with the use 
of suc:h etchant as an citnc-acid base in place of the 
cibove RIE or other dry etching. An interior of the second 
via hole is buried with the same material as that of the 
heat sink layer -^o 
[0100] In this example, in the fabricated HBT 56. 
because the second via hole 10b broadens toward the 
PWS layer 12 on the substrate rear surface, the heat 
path to the PHS layer 12 substantially decrease?^; 
'he-'efore. heat radintion property can be turthc!- 
improved and the device reliability can be further 
enhanced. 

[Ninth Embodiment) 

[0101] f ig. 16 shows a cross section of an HfM i-/ 
according to a ninth embodiment of tfie present tnvei^ 

t on I his MB I 57 differs from the MB I 51 of the socor i 
tTTibodinient only in ttiat the interior of the via hole 1 0 is 
fully buried with the same material as that of the metTi 
winng line 1 1 Sucfi a metal wiring lino 1 1 is formtnl tjy 
plating process 

[0102] In tins Mi^I 5/'. snu.ti thr mitviu' vui 


hole 10 is buried with the same material as that of the 
metal wiring line 11. a higher heat radiation effect 
through the via hole 1 0 can be obtained, so that the heat 
radiation property can be improved. As a result, stabler 
device characteristics as well as higher device reliability 
can be obtained. 

[Tenth Embodiment] 

[0103] Fig. 1 7 shows a cross section of an HBT 58 
according to a tenth embodiment of the present inven- 
tion. This HBT 58 differs from the HBT 51 shown in Fig. 
4 only in that thickness of outer-edge portions 1a, lb of 
the emitter layer 1 is set thinner than the thickness of the 
rest of the emitter layer 1 , hence an edge-thinning struc - 
ture. 

[0104] f or fabrication of this HBT 58. like the sec- 
ond embodiment, a first via hole 10a is formed. Subso 
quently, by performing photolithography prot^ess, on top 
of the rectangular-frame shaped emitter layer 1, a rec- 
tangular-frame shaped resist mask (not shown) having 
a width narower than the width of the rectangular frame 
of the emitter layer 1 is provided. With this mask, the 
periphery of the emitter layer 1 is mesa-etched so that 
the thickness of outer-edge portions la, lb of the emit- 
ter layer 1 becomes thinner than the thickness of the 
rest of the emitter layer 1 (edge-thinning structure). 
After this, like the second embodiment, a base ohmic 
electrode 5 is formed. The rest of processes are exe 
cuted in the same manner as in the second embodi 
ment. 

[0105] In this HBT 58, the thickness of the outer 
edge portions la, 1 b of the emitter layer 1 is set thinner 
than the thickness of the rest of the emitter layer 1 , that 
is, what we called an edge-thinning structure is formed 
Therefore, the edge thinning structure prevents re com 
bination of holes and electrons generated between the 
peripheral edge portions la. lb of the emitter layer 1 
and the base layer 2 during operation. As a result, the 
device reliability can be enhanced. 

[EU?venth Embodimc-nt] 

[0106] Fig 18 shows an example m which a devic:e 
•so'at'on region !9 is provided between adjacent fiBTr 
.51. For simplicity, device isolation regions 19, 19 are 
shown on both s des of one HBT 51 
[0107] In this example, a plurality of sets of an emit 
tor layer 1 , a base layer 2 and a collector layer 3 arc pat 
terned in arrays on a common s(}miconductor substrata' 
'3. A^ter ohmic electrodes 4. 5, R are formed on the lay 
ers 1 2. 3 and t)efore tH(} first via hole 10a is formed. 
Tixy^en ion,^, hcl-um ion;, hydrogen ions or the like .re 
imp Hnte(i at a high corn entrr^tion of. for example, abojt 
• « 1 0^-' cm into the field region between adjacent col 
lector layers 3 As a result, a hu^h resistivity (specifit: 
resistivity approx 1 • 10'' klcm) device isolation reg-on 
1 ::) hHVsfig a specified Ihnkrufss iS fornutd m tlie fi^^id 
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region. The rest of processes are executed in the same 
manner as in the second embodiment. 
[0108] In this case, during the photolithography 
process for forming the first via hole 10a, step gaps 
between the transistor portions (regions of the layers 1 , 
2, 3) and the field portions (regions between the transis 
tors) on the substrate 13 are reduced by virtue of the 
thickness of the device isolation region 19. Thus, the 
photoresist mask is umformized in film thickness. There- 
fore, during the process of etching the first via hole 10a, 
the possibility of oa::Ljrrence of mask break can be elim- 
inated. Still, a successful coverage property for the tran 
sistor portions can be obtained during the formation of 
the metal wiring line 1 1, so that the device reliability can 
be enhanced. 

[Twelfth Embodiment) 

[0109] F ig. 19 shows a pattern of an emitter ohmic 
electrode 4, a bias.e ohmic electrode 5 and a collector 
ohmic electrode 6 applicable to the above individual 
HBTs. 

[0110] In this example, patterns of the emitter 
ohmic electrode 4, the base ohmic electrode 5 and the 
collector onmic ei€*ctrode 6 are those which surround a 
periphery of the region where the first via hole 1 Da is to 
be formed, with part of eac h pattern cut out. T hat is. the 
patterns of the obmic (.'lectrodes 4. S, 6, although being 
generally rectangular-frame shaped patterns, are not 
completely rectangular frame shaped patterns but 
those in which central portions 4c, 5c, 6c on individual 
vertical sides of the patterns are cut out in the figure. 
[0111] With the adoption of such patterns, the 
ohmic electrodes 4, b. 6 are formed by the lift off tech 
nology. When the lift-off resist is dissolved with a solu- 
tion, the solution easily penetrates frorn outside to 
inside of the generally rectangular-frame shaped pat- 
terns through the cutout portions 4c, 5c. 6c. Thus, the 
I ft off process can be achieved more easily, as com- 
pared with the case where the patterns of the ohmic 
electrodes 4, 5, f3 are completely rcK:tangular frame 
shaped patterns, 

[01 1 2] In addition, when regular hexagonal or ctc u- 
lar patterns are basically involved as in th(? HBTs 53 

/f^ig of tf->9 f'""j'^h omhodirnent. the p ^tterns of t^o 
ohmic electrodes 4, 5 6 are set to those in whicti the 
regular hexagonal frame shaped patterns or circular 
frame shapeci pat!(;rns are partly cut out. V^ brief, the lift 
off process can be easily achieved only if the annular 
patterns are partly cut out 

[ I fiirteentt^ t nibo'Jiment] 

[0113] f tg sl-ows a polishin'.j apparatui^ 
applicable for polishing the rear surface side of the sub 
strate 13 iri the atsove iruiividual (;mbodtm.:!nts Ttiis pol 
ishing apparatus ?n has. in its bath, a poli >hing table .'3 
on whii:t) a ptjiisfnfig tartjtrt (suL^strrite 1 3 \\\ ttiu-^ i n.-t;) 


is to be placed. After the polishing table 23 is put into 
rotation, with a polishing liquid 21 thrown in, as the rear 
surface side of the substrate 13 is polished, the polish- 
ing liquid 21 is changed into a liquid waste 26, and the 
liquid waste 26 is stored in the bath. Electric resistance 
of this polishing liquid waste 26 is observed by a resist- 
ance meter 24 equipped with a resistance-forming sen- 
sor 25 

[0114] In the foregoing individual embodiments, 
^0 when the rear surface side of the substrate 13 is pol- 
ished up to the bottom of the first via hole 10a, electric 
resistance of the polishing liquid waste 26 is observed 
with the resistance meter ?4 having the resistance- 
formmg sensor 25. Then, the polishing process is ended 
f.'> at a time point at which the elec trie resistance of the pol- 
ishing liquid waste 26 is changed by mingling cut chips 
of the metal wiring line 1 1 m the first via hole 10a with 
the liquid waste 26. With this arrangement, since the 
end point of polishing process, is clarified, the accuracy 
of polishing extent on the rear surface side of the sub 
strate is improved. 

[Fourteenth Embodiment] 

.'"^ [0115] Fig 21 A shows a circurt diagram of a high- 
frequency two stage amplifier 40 equipped with any of 
the HBTs indicated by reference numeral 34. 35 in the 

foregoing embodiments. 

[0116] This high-frequency two-stage amplifier 40 
.^(^ has a first stage amplification HBT 34 for amplifying a 
signal inputted to an input resistance 3/ connected 
between an input terminal 33 and a ground 38, and a 
second-stage amplification HB I 35 for amplifying a sig- 
nal outputted by the HBT 34 An output of the HBT 35 is 
M:y delivered to an output terminal 36 Since the HBTs 34, 
35 are superior in heat radiation property, this high fre- 
quency two-stage amplifier 40 Is enabled to perform 
high power output c«peration with a high gain in high-fre- 
quency amplifications. Also, an enhanced reliability can 
AO be otitained. For example, this high-frequency two- 
stage amplifier 40 is mounted on a portable telephone 
41 as a high-frequency transmitter or receiver, as shown 
in \ ig. 2 IB. This portable telephone 41 is enabled to 
trjinsmit microwaves with a high gain and with a targe 
OL!tput powc through nrtci'^r^ 39 
[0117] In addition, the high-frequerury amplifier is 
not limited to two stage amplifiers, and a three stage 
amplifier may be made up by providing three HBTs. 

lA) Claims 

1 . A heterojuni^tion bipolar transistor comprising: 

an emitter layer, a t)as(^ layer and a colle(.:tDr 
•ayer laminated on a top surface of a semicon 
'.iuc:tor substrate: and 

a heat smk layer made r-* a metal and provided 
'..>n H ft^ar SurfnctJ of lluj sijL)-slfaUr, wtuTein 
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a via hole is cut through the emitter layer, the 
base layer, the collector layer and the sub- 
strate, and 

a surface electrode of the emitter layer and the 
heat sink layer are connected to each other by 
a meta! wiring line running through within the 
via hole. 

The heterojunction bipolar transistor according to 
claim 1 , wherein 

the via hole has a cross section formed into a 
polygonal shape in which apex angles are 
obtuse angles, or a circular shape. 


forming a first via hole which extends through 
the emitter layer, the base layer and the collec- 
tor layer and ends at a specified depth within 
the substrate; 

forming a metal wiring line which extends from 
the surface electrode of the emitter layer to 
within the first via hole so as to reach a bottom 
portion of the first via hole; 
polishing a rear surface side of the substrate up 
to the bottom portion of the first via hole; and 
providing a heat sink layer made of a metal on 
the polished rear surface of the substrate so 
that the heat sink layer makes contact with the 
metal wiring line within the first via hole. 


3. The heterojunction bipolar transistor according to 
claim 1 , wherein 


The method for fabricating a heterojunction bipolar 
transistor acc:ording to claim /, wherein 


an interior of the via hole is buried with a same 
material as that of the metal wiring line. 

4. The heterojunction bipolar transistor according to 
claim 1 , wherein 

a peripheral edge portion of the emitter layer is 
formed so as to be thinner in thickness than 
residual portion of the emitter layer. 


after forming the UryX via hole, an insulating film 
is so provided as to cover top surfaces and side 
surfaces of the emitter layer, the base layer and 
the collector layer, and the first via hole is fur 
thennore extended toward the rear surface 
side of the substrate. 

The method for fabricat ng a heterojunction bipolar 
transistor acc:ording to claim 8, wherein 


5. A parallel connection of heterojunction bipolar tran 
sistors, wherein a plurality of heterojunction bipolar :k) 
transistors as defined in claim 1 are arrayed on a 
common semiconductor substrate and electrically 
connected to one another so as to be enabled to 
operate in parallel. 

J/. 

6. The parallel connection of heterojunction bipolar 
transistors according to claim b. wherein 


a wet etching process or a low-power condi- 
tioned dry etching process is perfonned in the 
step of forming the first via hole, and 
a high power conditioned dry etching is per 
formed in the step of extending the first via hole 
tC'ward the rear surface side of the substrate, 

10. The metfiod for fabricating a heterojunction bipolar 
transistor according to claim /. wherein 


a groove extending from the top surface of the 
substrate to the rear surface of the substrate is io 
provided m the common semiconductor sub 
strate so as to partition adjacent heterojuncrtion 
bipolar transistors from one another. 

transistor, c::omprising tlie steps of' 

laminating a collector layer, a base layer and an 
emitter layer in this order on a top surface side 
of ;i seniK cnductor substr^ite: 


patterning the collector layer, the base layer 
HtvA tfie emitter layer so that an area o'- -jri 
upper layt-r among the collector layer, the :«a?o 
layer aful the emitter layer may become 
smaller: 

forming a surface? electrocie for of'imic contact 
on each surface oortion of the collectDr layor, 
t)ast' layer and tfie erniltt-r layer; 


an undercut is formed by etching a lower outer- 
edge portion of the emitter layer in the process 
of patterning the emitter layer; 
a metal film is deposited on the top surface sidt} 
of the substrate so as to form the surface elec- 
trode of the base layer, with an inner edge of 
thp pu'^ace eiect''0cje of the bisc !3ycr ^omod 
ir^ self alignment to the emitter layer by using 
the undercut; and 

the metal film and the base layer are continu 
ously etched with the same mask so that an 
outer edge of the surfac^e electrocJo of the basri 
layer and an outer edge of the base layer 
bei ome coincident with each other 

11. The nuitlHxJ for fabricating a heterojunction bipolar 
transi stor according to claim /, wherein 

the first via hole is formed after forming the sur 
fat;*,* t'lta:tr(.."dtt;s of thtf L:t.nltn:tuf layt-r atid tlit; 
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base layer and before forming the surface elec 
trode of the emitter layer; 

simurtaneously with time when the surface 
electrode of the emitter layer is formed, a wiring 
pattern of a same material as that of the sur- 
face electrode Is formed, the wiring pattern 
extending from a surface portion of the emitter 
layer to within the first via hole so as to reach a 
bottom portion of the first via hole; and 
the metal wiring line is formed on the wiring 
pattern by a plating process. 

12. The method for fabricating a heterojunction bipolar 
transistor according to claim 7, wherein 

after forming the metal wiring line, the rearsur 
face side of the substrate is not polished or the 
rear surface side of the substrate is polished to 

a specified extent, 

a second via hole is so formed as to extend 
from the rear surface side of the substrate up to 
the bottom portion of the first via hole, and 
the heat sink layer made of a metal is provided 
on the rear surface of the substrate so as to 
make contac^t with the metal wiring line within 
the first via hole through the second via hole. 

13. The method for fabricating a heterojunction bipolar 
transistor according to claim 12, wherein 

Simultaneously with time when the first via hole 
is formed, an alignment hole deeper than the 
first via hole is formed from the top surface side 
of the substrate toward the rear surface side of 
the substrate in a region other than regions 
occupied by tfie emitter layer, the base layer 
and the collector layer; 

the rear surface of the substrate is polished up 
to a bottom portion of the alignment hole; and 
a photolithography process for form.ng the sec 
ond via hole is performed with reference to the 

alignment hole appearing on the rear surface 
side of the substrate. 

14. The moth 0 a *or fabricating a heterojunction bipolar 
transistor accord ng to claim 12. wherein 

the second via hole is formeci in a conical 
shape which broadens toward th(} heat sink 
layer on the i-jubs-rate rear surface, -ind an into 
nor ot the sei^ond via hole is buried with a same 
rTiaterial as that of the heat sink layer, 

15. Hie rTieth')cj for fat)ncating a heteroiunction bipolar 
transistor according to claim /, wherein 

the surface electrodes of the collector layer, the 
t)a:^e layer and the ennttt^r laytjf are each 


formed by a lift off process into a patterned sur- 
face electrode which surround a periphery of a 

region where the first via hole is to be formed 
and a portion of which is cut out. 

16. The method for fabricating a heterojunction bipolar 
transistor according to claim 7, wherein 

in the process of polishing the rear surface of 
10 the substrate up to the bottom portion of the 

first via hole, the polishing process is ended, by 
observing electric resistance of a polishing liq- 
uid, at a time point when cut chips of the metal 
wiring line within the first via hole mingle into 
ih the polishing liquid, causing the electric resist- 

ance of the polishing liquid to show a change. 

17. The method for fabricating a heterojunction bipolar 
transistor according to claim /, wherein 

a plurality of sets of the emitter layer, the base 
layer and the collector layer of the heterojunc- 
tion bipolar transistor are arrayed on a common 
semiconductor substrate; and 

before the first via hole is formed in each heter- 
ojunction bipolar transistor, a device isolation 
region having a specified thickness is formed 
between the collector layers of adjacent heter 
ojunction bipolar transistors by performing ion 
.k) implantation. 

18. A high frequency transm'rrter or rec:eiver including, 
as a high-frequency amplifier, the heterojunction 
bipolar transistor as defined in claim 1 . 

19. A high frequency transmitter or receiver including, 

as a high-frequency amplifier, the parallel con- 
nected heterojunction bipolar transistors as defined 
in claim 5. 

40 

20. A high frequency transmitter or receiver including, 

as a high frequency amplifier, the heterojunction 
bipolar transistor made by the heterojunction bipo- 
lar transistor fabricating method as defined in claim 
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